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(57) Abstract 

PROBLEM TO BE SOLVED: To provide an 
uttrahigh-strength steel pipe excellent in weldability 
□n site by improving the reliability of the low 
temperature toughness of a stBol to which elements to 
enhance hardenabifity are added for attaining 
high-strength and improving toughness at a weld heat 
affected zone subjected to double or more layer welding, 
and to provide a method for producing the same. 


SOLUTION: The steel is made to consist of a structure 
composed of bain'rte and/or martensrte by containing 
prescribed amounts of C, Si, Mn, P, S, Ni, Mo, Nb, Ti, 
Al and N, and as occasion demands, one or more of B, V, 
Cu, Cr, Ca, REM and Mg, and regulating C, Si, Mn, Cr, 
Ni, Cu, V and Mo, these being elements to enhance 
hardenability, by a relational expression. The diameter 
of prior austenite grains may be regulated in a 
prescribed range. The method includes the steps of 
heating a casting to a temperature not lower than the 
AC3 point, hot rolling rt. and thereafter cooling the 
resulting hot-rolled steel plate at a prescribed cooling rate. 
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P=2. 7C+0. 4Si+Mn+0. 8Cr + 0. 45 (Ni+Cu) + 2V+1. 5 
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(17) no) - in) , (is). ( i 6 ) © n -r n & i m iz is m. © j& # & 

Z m Jt £ , A C 3^JW±JCSJD.%L.. ^raEE®5i£Lfc^lri'C/sa±©?ftSP^ST5 
y?--/F7-^HfiH, ^- © |g . Kft5IiJ#litt5 (10) ~ (16) © 
(1 8) (1 7) fcK«©»l*©->-A**fiB£.a;flfflin;:3 0 0~5 0 0 1C C JO JR T S 

z. tz&m t -r * (io) ~ (i6) onrn*vi5ifc8E«©(sa»tt*«ttf»*«sjK« 

(21) (1 7) $ tt (18) K!2*i©Sl ! ff©->-A}g«gB£ffi<gmi;: 3 0 0~5 0 

o <c \z to m-? z> z. h & & m h -? z> ( 1 o) ~ ( 1 6) ©^■fn^i^ncfetswigia^ttis 10 

[ 0 0 0 9 ] 

»r ffi £ 3s S . 2I©S8f - K © 3£ £ T * 5 . © IS in , ®®ttltt^^:M10 0%JSfe14 
56 M T O , ->^;Uf-©JRx^JU^-tt5 0 JHTtl^fctti55i4t5;t!)i|, 
fc. 20 
[0010]. 
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Sa!©^^g|!*^ lmmJTCSt, (2) MjSmTfc2flEllI*iSttfc«tt. (3) j££ a 

w.t iz 1 mim!& 2 nrcm&-c & z> » 2 *>\z. zn^^^±A^u^m^it (1) ^8 6 0 

% . (2) ^8 3 0 % X*. (3) tt»10X7»ofc. 
[001 1 ] 

a . 2 s m b m % g t a & <b v tz n m as -c © » it £ & # l- & &* n « & & ^ n t * 

t«l/TH«. * Z. T , # ?S « , £<b&3§¥i8ffl;&J&®®g|l;:J;9. Bfetti5!fcffi©3S£j£ 
fcNb©«#«SS<ffc;»©#ffi**IBL. NbOlSMCJiDfiKjfiKffacD. 4* 2 « £t ± 30 

[0012] 

£A-h0)SnJl,£gt::. J§^ff^l^-y-'r^JUSS^t'«koT2g©^^{Cj;^gi^#$^«L, 
mt£&.&W&®&\z&\g-?N b <D§£W&&fiVtz. Nb«^W7c^©iJrat4W5R«i £ 
fc H 2 (0 15 I t U . NbI5Il%TO. 0 0 1~0. 04%©8SHT^-fb^-ti-fci1«S: 
$5!i£U, IS^M-$:S^Lfco *fc U- -f £ ;U * frtt . A f& 2 . 5kJ/mmffi^<i:Lfc. "f" 
fc> *> , llUg©^5!iaS:. lllfSlg 1 0 0 t/s TiSS 1 4 0 0 tCJUIiLT 1 tRIfL 
fcSK 5 0 0 - 8 0 0 ©S6fl;?ftiigl St/sfftitStl^^ftTfT^, 
3)0AT2(Hlg©^5aa^. AD JR 3 ft . « it P$ ffl , i$^®ft43<£tf?£^^ft£l|e]g < i;|iii]& 

tttit, jraSiggMOotSfcagootiiosttTiT^fc. s^i:. j is z 40 
2 2 o 2i;*!!LT, mm ffi © v y v j- -> * ;p tr - ar is is n- £ i£ i& L . -> * ;u £ - 

IfSti^J I S Z 2 2 4 2 ClpHl/T. - 40XTffofc. 
[0013] 

&^*mi\Z7jk-f. N b £ 0 . 0 1 ^KlillDUT^SITB, -> ;ut? - © ir x * ;u * 
- tc 5 0 J £t T © (S M f£ £ L fc NbSO. 0 1%*^tcT-5i:->^;Utf-©iRx^ 

£ <>: # £ <h & c Jt „ Nb€:^l]DUit^T©->-v;Utf-©JRx^JU^ — 0 JRTT 

^ssftiftA^aiT^t. cmicMLt, Nb^o. o i % *m\z l tzmv> •> +• ;u t? — • 

ffi^ii^^©®®S:fi^T^t^tt®®©5g±^»CttNb©geg{t;^^#fiELT^^A^o 50 
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[0014] 
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-7 ;u ^ > -y- -T K©^« (jwt, -7;i/f >u--f h- ) £ tt 'W -r h 4s )Vt- >■* -r h 

ttftrtfCftSfflftSS^-XT-^-f h£-&WLT^.5„ ft & , *< -f ± -Y h*3«t^v;i,5 : ->-9- 
o T SU T •& . 


[0017] 


z\<d &?ts.m i§ *a & £ *r -r zmh-z s 

0 

0 ~ 

1 0 0 0 "C 

10 ft L & ft 

-& tc 

tt. 

IS 



7 

■7" 

7-< hS^^'b^SIitCfcoTWr/cft:* 




4 C 4 S ( 


. m 



X 




ft 

s * 

-7. y-*-f 

h *» ^ B \Z fSL 



L 

T 

1 

m 

m 


-5 


( J£A T , H 

ft 7 x 5 -f h 

• * 

— 7. 


± 

-f 

h 


tB ) a* ± i; * . 












[0018] 












d © «k 5 ft m \Z !* 6 \Z N b £ S5s JO U 

$ 

\z 

tt, ft 10 ft 

N b ^ ^ #l At 


L T 


•5 

tz 




L 

ft** 

o T . #J A 

tt , A c 3 I 

±^ 

^ 1 

1 

0 

0 

"C 

X 

T? © ft ffi «S B ft »r flD Hft L tz & ic . m 

ft 

* - 

7.7-1- 4 V 

« M ic J; 0 £ 

C ft 


7 



h 

& © fi£ S , fc> <$ -5 2 # IS IS II # ffll fffl 


n -a 




X 7 


h 




t. x 1- -r h^iiaot. «h-©ib^- 


7. T" 


tBSHi; 1 

m m 

«± 

© 

* 





JP 2004-521 04 A 2004. 2. 1 9 


[0019] 

£tz. 1 1 5 0ta±©figiIl;iDMT5tfz>^S?f$§N bS^MftftiO<i§i 
U, IB sj-- X x ^"-f h 0 9tt 7> 7- ±4 b \Z «fc o T ± C fcSH&CDfiSS, T 

ft to < 2^S^S^*(Sji$to-5fca6> ^--7.7 1 ^-<hife^*4^Stii<t-r-5. d <£> J; p ft 
ffi«**rT*»fi-*JfclBlEElCT'&£. f^figttff^KftSii!, »50(iratH5a 

St -5 . 
[ 0 0 2 0 ] 

:ni;»iT, Nb^o. o i % *m \z&m l m <o m * ic tt n b ^ ft m tt'p ft ^ ;t , 10 

2^S^S€:ifpaT-5^im^ifVi. L,fe*^oT. 9 5 0 ~ 1 1 0 0 *C © 15 B K }JP -T 5 <h 
2 #.n f& §k fem 2 tl 2> fc tb IZ . XTj-'f h^ll:i5SSS^gt7i7-f h 

• * - 7. 7- -y -f h*IBK«tsa*a:eiiat* ft'* L- , iS) - ft jfl fg ft -5 . d © J; 5 ft *& IS 
«r*T*«Ffl-*JRMflEB§-r*£. 1 0 (i mgg©^-ftffil I; S 0 « 2 0 m m a 

[ 0 0 2 1 ] 

< gs JP L . SPiftPtlrS^^x^-f h • * — X 5 s - -f b & m IZ £ r> T & ft #3 \Z ®.Xtl. * - 7. 

r-f'f b m & & & £c -r ^ ^ -r ^- -i bmm, )v 7- > +r -i bm^^tzit^-fi-^ b • v 20 
^7 y+b-i b ^fcrnrnzmT z>m ft iz&^-c . Nbs^o. 0 1 % *m\z&.mT z z. t 

C^^TB - 6 0 4 0*C*ilT-SI}SL,fe®^t-. v- ^ ;l/ bf - K 1R X * - 2 0 0 

[ 0 0 2 2 ] 

L L & e. , Nb£ffi^T3tf?iig,fli&g7!><<g;<ftrK *«*SBffi®*« + #Tfc<fc* 
d<t^.^^$n^„*5g^^ttM*%-C. 0. 05C-0. 25Si-2Mn-0. 0 1 
P-0. 001S-0. 5 N i - 0 . IMo-O. 0 1 5 T i - 0 . 0010B-0. 0 
1 5 A 1 - 0 . 0025N-0. 5Cu-0. 5 C r £ *r L , S 6 I: 0 . 0 0 5 N b £ 
^iDLitai 0 . 0 1 2Nb$;ijDlfcit©t-XTt'f MiBl^UfCO ^Tll L 30 
tz. * © 16 * . NbSJ0l:fe^fBgSfifiit>fnt)9 0 0 - 9 5 OtT*0. M n . 
Ni, Cu, Cr, MoS:#<^JlPLTVi-5iiTttNbC0^ta©#M^^^>e>-rSi^Stg 
K 2! *> 6 ft V> Z. iz ifi t> o tz . fi£oT, =j" — 7. ^ ^" -f h B^lffli^ N b 5 ^. 

T ^ JP r -5 & tt & ^ £ t # HIE $ to fc . 
[ 0 0 2 3 ] 

£ . N b^JPSSriSi^-r^) <t3£a*«<gT^5fc#:l&#Atot!fe^i!S©^;&Pgfc:o^T&W 

H o fc . NbiiDi&O. 01%*«lci£®L.fcS9©^#AtottlCS;{i-r^^7C^W^^ 
HSELfclS*, B£^WLftt,>ffSTttPM£P=2. 7C+0. 4 S i + M n + 
0. 8Cr+0. 45 (Ni+Cu) + 2V+Mo-0. 5ftZ>Z.iz\Z&K)titZAnte. 40 
&miE\zWffiT' % . iliESSHttl. 9 ^ P ^ 3 . 5 T & 3 £ <h # :b o fc . - # , B 8s iP 
§B T tt , P fit tt P = 2 . 7 C + 0 . 4 S i + M n + 0 . 8Cr + 0. 45 (Ni+Cu) 
+ 2 V + 1 . 5MotS0, -^©3IIE$Bffitt2. 5 ^ P ^ 4 . 0 : t*!t)i)^ t. 

A- 5 > X ZmtiL? Z> Z. £ IZ f&V) L Tz . 

mmm&mffl.&3 o o < c^±tc»p^-r.5i:, aaa^-7-)u^>-9-'f h^^M^tos 

tz & tZ, m ^ •> +• )U t* — © iR X ^ JU ^ - ^ t T % b to -& «t o \Z t£ -5 . N b S 0 . 0 1 
%Ki.±^JpLfcffl»}§ftSi^SgB* 3 0 0*CJ^±l3tPflftLTfc. ® ffl tj. )l> ^ > V bit 
itgsnstf, |B]P?f»cNb(DWttiic«t'58i{bfcSc:'5fciiie). *5gB^w=kp^S¥^5a* 
tt ^, e> n /<t ^ o . so 
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[ 0 0 2 4 ] 
[ 0 0 2 5 ] 

;p7 L >-y--fh**ffltttL/TB«»SE*»*fci&fc. -^©^*rffi©TEB£0. 0 2 % £ L 
tz. - * . C-&#fi^^-r^*^t, »!**is«ktf*»*i»»«©ffiiB»tta*<ftTL.. i§ & & 

oi£ja#jn«±ft:^o3ia«j*«tt3a«su<*<t;-r*fcJi), *-©-&*a©±iB*o.-i ox 

. ft*3. 3$K ft ± © it & I:: , C#Wfi£0. 0 3«Kitt5:i!l«ffJU>. — 10 
!S«;tfrtT^*£*t;*«©*llS©»tta*JB<ftO, J*H«a*fi"Fi-*nJtBtta**S&», 
C ^ * 4 £ 0 . 0 5JS*«tt5:i*!ifJU). £ * , ^^©iSSS-ttg:© 

# •£> „ 
[ 0 0 2 6 ] 

US i 1CD1ISU. 0. 6%T&S.ft43,#f^gMC;l3tt5Al:feJ;tfTifcSi<h|S| 
«teKMfeffl«r*r-r-5&«>. S i A 1 *5 «fc T i (04 t« t J: 0 «8t 4©*« 20 

(? & L fr> . TBttaSL&ViA*. a fit . TMfttLTO. 0 1 X iSK±t * UTl»*. 
[ 0 0 2 7 ] 

43«fctf{£jSi9l4©&»ftA7>;*£te«i _ 5fc*£^i^$cft7G3!ST& 0 , f«)§tl®T 
EESrl. 5%iT5. — * , M n ^ ^ < in i, flH*Atltt*«181inLT*»JI!Uf 

{b$-a-S7t«6-?-CD^^-S©±KSr2. 5 X £ L- fc . ft * , 4> <fr fig W £ tt ft it Nf fc ft Jt © * 
A«#ifi»c±i;*«HiBH©*R»fll#f3&*. ^©&©§S5£l*§£iil;t*g{;: ; k#Mit-e--r. M « 

[ 0 0 2 8 ] 30 
P. S tt . ^pIjaW^*iE©)7t;^T$.0. Pliti'ltfSiiigtStifel:, tt JMR * k: «fc 
9<£iSS&tt£|6]±;*-e-. S liiap B 1EETS#fct SitWM n SfC«fc03£t£*5«fctf&!t££ 

£ * iZ , P*ii;S©^tl©±KS:*n^no . 0 l 5%*«tc;o. 0 0 3 % <h L T 

*d is -r . ft *s . p*5«t^ss«TiS5E#iT-^o, i«©sfjTtt^n^no . o o 3 % & 

J:LN* 0. 0 0 0 U1S*!T1TS5. * tz , SlW^tiSO. 0 0 1 %KTi:t5: 
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Mo 


0.30 
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Ceq = C/ + Mn/6 + (Ni + Cu)/5 + (Mo+V + Cr)/5 

Pcm = C+Si/30+(Mn + Cu + Cr)/20 + Ni/60+Mo/1 5+V/10+B 

P value=2.7C-K>.4Si^Mn+0.8Cr+0.45(Ni-K}u>2V+Mo-0.5 (B free steel) 

P value=2.7C-K>.4Si+Mn+0.8CrK).45{NKCu)+2V+1.5Mo (B containing steel) 
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0.540 
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0.662 
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0.30 
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3.48 
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0.00O8 


0.23 

0.50 




358 
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0.16 
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0.0008 


3.38 

0.658 

0.283 
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0.65 
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0.457 

0.197 
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0.45 
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0.551 
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3.32 
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0.0010 
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3.34 

0.528 
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0.42 




2.98 

0.617 
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0.0026 

0.040 

0.23 

0.26 
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3.62 

0.628 

0.268 

O.O023 


0.32 

0.59 
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3.57 

0.621 
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0.30 




3.42 

0.568 
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(51) Int. CI. 7 FI f-^3-K (#t) 

C 2 2 C 38/14 C 2 2 C 38/14 

C 2 2 C 38/58 C 2 2 C 38/58 

// B 2 3 K 101:06 B 2 3K 101:06 


F^— A(##) 4E001 BB05 CA02 CC03 DF02 DG04 

4E081 AA08 BA05 BA19 CA05 DA31 DA38 DA84 FA03 YB08 YL07 
YX02 

4K032 AA01 AA04 AA08 AA11 AA14 AA16 AA17 AA19 AA21 AA22 

AA23 AA27 AA29 AA31 AA35 AA36 AA40 BA01 CA02 CC03 

CD02 CD03 CD06 


